Viscosity and Electrical Conductivity of Aqueous NaCl Solutions with Dissolved CO2  by Fleury, Marc & Deschamps, Hervé
*+*7
9LVFRVLW\DQG(OHFWULFDO&RQGXFWLYLW\
RI$TXHRXV1D&O6ROXWLRQVZLWK'LVVROYHG&2
0DUF)OHXU\ +HUYp'HVFKDPSV
,)33HWURSK\VLFV'SW DYHQXHGH%RLV 3UpDX5XHLO0DOPDLVRQ )UDQFH 

(OVHYLHUXVHRQO\5HFHLYHGGDWHKHUHUHYLVHGGDWHKHUHDFFHSWHGGDWHKHUH 
$EVWUDFW
:LWK WKH SHUVSHFWLYH RI ORQJ WHUP &2 VWRUDJH WKHUPRG\QDPLF GDWD DUH QHFHVVDU\ IRU WKH VLPXODWLRQV RI &2
LQMHFWLRQLQDTXLIHUVRIGHSOHWHGRLOUHVHUYRLUV:HIRFXVKHUHRQWKHGHWHUPLQDWLRQRIWKHUHVLVWLYLW\DQGYLVFRVL W\RI
DTXHRXV1D&OVROXWLRQVZLWKGLVVROYHG&2 ,WLVZHOONQRZQWKDWGLVVROYHG&2  LQFUHDVHVVOLJKWO\ WKHZDWHUGHQVLW\
5HFHQWO\%DQGRHWDOPHDVXUHGWKHYLVFRVLW\RI&2VDWXUDWHGEULQHVDQGIRXQGDQLQFUHDVHRIYLVFRVLW\ZLWK
LQFUHDVLQJDPRXQWRIGLVVROYHG&2)RUUHVLVWLYLW\QRGDWDLVDYDLODEOHWRRXUNQRZOHGJH 

:H HYDOXDWHG WKH HIIHFW RI GLVVROYHG&2 VLPXOWDQHRXVO\ RQ WKH UHVLVWLYLW\ DQG YLVFRVLW\ RI WKUHH 1D&O VROXWLRQV
FRYHULQJ WKH UDQJH RI VDOLQLW\ XVXDOO\ HQFRXQWHUHG LQ SRWHQWLDO &2 VWRUDJH JHRORJLFDO IRUPDWLRQV $W D FRQVWDQW
WHPSHUDWXUH RI & ZH VKRZ WKDW WKH YDULDWLRQ RI UHVLVWLYLW\ DQG YLVFRVLW\ DUH SURSRUWLRQDO WR WKH DPRXQW RI
GLVVROYHG&2  )RU YLVFRVLW\ RXU GDWD DUH LQ DJUHHPHQW ZLWK SUHYLRXV REVHUYDWLRQV 7KH REVHUYHG  YDULDWLRQV DUH
VPDOO DW PD[LPXP RI WKH RUGHU RI  7KH LQFUHDVH RI YLVFRVLW\ LV ZHOO FRUUHODWHG ZLWK WKH YDULDWLRQ RI
FRQGXFWLYLW\ EHFDXVH LRQV DUH PRYLQJ LQ D PRUH YLVFRXV VROYHQW DQG WK HUHIRUH FRQGXFWLYLW\ GHFUHDVHV  )RU WKH
WHPSHUDWXUHGHSHQGHQFHZHXVHGWKH$USVPRGHOWRGHVFULEH WKHPHDVXUHG YDULDWLRQRIFRQGXFWLYLW\DVDIXQFWLRQRI
WHPSHUDWXUH: HSURSRVHDVLPSOHPRGHOWRWDNHLQWRDFFRXQWWKHVPDOOPRGLILFDWLRQVRIFRQGXFWLYLW\DQGYLVFRVLW\
DV D IXQFWLRQRI WKHGLVVROYHG&2 IUDFWLRQ DQG WHPSHUDWXUH )LQDOO\ZHH[DPLQH WZR SRWHQWLDO LPSDFW V RI WKHVH
ILQGLQJV 
(OVHYLHU/WG $OOULJKWVUHVHUYHG 
.H\ZRUGV&2 YLVFRVLW\ FRQGXFWLYLW\ UHVLVWLYLW\ 
,QWURGXFWLRQ
'LVVROYHG DFLG JDVHV KDYH VSHFLILF SK\VLFDOSURSHUWLHV GXH WR WKHLU LQWHUDFWLRQVZLWK WKH VROYHQW WKDW DUHGLIILFXOW
WRSUHGLFW )RU&2 DSHFXOLDUEHKDYLRULVWKHLQFUHDVHRIYLVFRVLW\ZKHQGLVVROYHGLQWRZDWHU> @(YHQWKRXJKRQO\
D VPDOO PROH IUDFWLRQ RI&2  FDQ EH GLVVROYHG DW HOHYDWHG SUHVVXUH LH DERXW  WKH YLVFRVLW\ FDQ LQFUHDVH E\ 
 ZKHUHDV WKH GHQVLW\ RQO\ LQFUHDVHV  E\  6LQFH YLVFRVLW\ LRQLF FRQGXFWLYLW\ DQG GLIIXVLRQ DUH FORVHO\
OLQNHGVXFKEHKDYLRUPRWLYDWHGXVWRVWXG\VLPXOWDQHRXVO\WKHFRQGXFWLYLW\DQGYLVFRVLW\RIDTXHRXV1D&OVROXWLRQV
Available online at www.sciencedirect.com
   
Energy
Procedia
Energy  Procedia  00 (2008) 000–000 
www.elsevier.com/locate/XXX
c© 2009 Elsevier Ltd.
Ener r cedia 1 (2009) 3129–3133
www.elsevier.com/locate/procedia
doi:10.1016/j.egypro.2009.02.094
Open access under CC BY-NC-ND license.
 0)OHXU\+'HVFKDPSV (QHUJ\3URFHGLD  ±
FRQWDLQLQJ GLVVROYHG &2 )RU FRQGXFWLYLW\ ZH H[SHFW WR ILQG D GHFUHDVH RI FRQGXFWLYLW\ EXW WKH FRPSOH[ LRQV
K\GURG\QDPLFDO LQWHUDFWLRQV >@ DW KLJK VDOW FRQFHQWUDWLRQV LV UDWKHU GLIILFXOW WR SUHGLFW :H ILUVWSUHVHQW WKH
VLPXOWDQHRXVPHDVXUHPHQWVRIWKHYDULDWLRQRI FRQGXFWLYLW\DQGYLVFRVLW\IRUWKUHH1D&OEULQHRIVDOLQLW\DQG
 J/ UHVSHFWLYHO\   DQG  PRO/ UHSUHVHQWDWLYH RI WKH UDQJH RI VDOLQLW\ HQFRXQWHUHG LQ
JHRORJLFDO IRUPDWLRQ  7KHQ ZH GLVFXVV VRPHSUDFWLFDO LPSDFW LQ WHUPV RI UHVLVWLYLW\ PRQLWRULQJ DQG FRQYHFWLYH
PRWLRQV
([SHULPHQWDO WHFKQLTXH
7KH YDULDWLRQ V RI YLVFRVLW\ η DQG FRQGXFWLYLW\ κ ZHUH GHGXFHG IURP WKH PHDVXUHPHQWV RI WKH YDULDWLRQV RI
SUHVVXUH GURS G3 ZKHQ IORZLQJ &2V DWXUDWHGVROX WLRQV DFURVV D SRURXV PHGLXP  DQG WKHPHDVXUHPHQWV RI WKH
YDULDWLRQ VRIUHVLVWDQFH5RIWKLVSRURXVPHGLD)LJXUH )URPWKH'DUF\
VDQG2KP
VODZVZHKDYH 
 G3
/4
6.
=η 
5I FHOO

=κ   
ZKHUH /DQG 6 DUH UHVSHFWLYHO\ WKH OHQJWK DQG VXUIDFH DUHD RI WKH SRURXVPHGLXP 4 LV WKH IORZUDWH . LV WKH
SHUPHDELOLW\ IFHOO  LVDJHRPHWULFFHOO IDFWRU>P@  ,IDOO WKHVHIDFWRUVDUHNHSWFRQVWDQW WKHYDULDWLRQV RIG3DQG 5FDQ
EH XVHG WR FKDUDFWHUL]H WKH YDULDWLRQV RI YLVFRVLW\ DQG FRQGXFWLYLW\ 7KH UHVLVWDQFH 5 GHSHQGV HVVHQWLDOO\ RQ WKH
SRURVLW\ZKLOHSHUPHDELOLW\GHSHQGVHVVHQWLDOO\RQWKHFRQQHFWLRQVEHWZHHQSRUHV 

Δ8
G3
HOHFWURGHV
Δ9

)LJXUH 6FKHPDWLFRIWKHH[SHULPHQWDOVHW XS$SRURXVFHUDPLFZDVXVHGWRPHDVXUHWKHYDULDWLRQRISUHVVXUHGURSDQGUHVLVWDQFHZKHQ
IORRGLQJZLWK1D&OVROXWLRQVZLWK DQGZLWKRXW GLVVROYHG&2
7KHUHVLVWDQFHRIWKHSRURXVPHGLDZDVPHDVXUHGXVLQJDVHWRIVL[HOH FWURGHV ORFDWHG UDGLDOO\ DURXQG WKH VDPSOH
)LJXUH  WZRSDLUVRI ODUJHHOHFWURGHVDUHXVHG WR LQMHFW WKHFXUUHQW P9N+]DQG WKHVPDOOHOHFWURGHSDLU
LV XVHG WR PHDVXUH WKH YROWDJH GURS 7KH HOHFWURGHV DUH PROGHG LQ D 9LWRQ VOHHYH ZKLFK LV DOVR XVHG WR DSSO\ D
FRQILQLQJ SUHVVXUH RQ WKH VDPSOH 7KH HOHFWURGHV DUH FRQQHFWHG WR DQ LPSHGDQFH PHWHU $JLOHQW  DQG WKH
UHVLVWDQFH LV GHWHUPLQHG IURP WKH UHDO SDUW RI W KH PHDVXUHG FRPSOH[ LPSHGDQFH7 KHUHIRUHZH DYRLG FRQWDFW
UHVLVWDQFHDQG K\GUDXOLFIORZDQGHOHFWULFFXUUHQWLQMHFWLRQDUHVHSDUDWHGDQGGRQRWLQWHUDFWHDFKRWKHU 

7KH DTXHRXV 1D&O VROXWLRQV ZHUH SUHSDUHG XVLQJ GH LRQL]HG ZDWHU 7R GLVVROYH D JLYHQ DPRXQW RI &2 WKH
VROXWLRQVZHUHSODFHGLQ DKLJKSUHVVXUH+DVWHOOR\FRQWDLQHU ILOOHG DWPLG OHYHO7KHQ&2ZDVLQMHFWHGDW WKHWRS
DQGWKHSUHVVXUHLPSRVHGDWDYDOXHYDU\LQJIURP XSWR03DLQRUGHUWRREWDLQYDULDEOHDPRXQWVRIGLVVROYHG
&2LQWRWKHEULQH7RLQVXUHWKHUPRG\QDPLFHTXLO LEULXP WKHFRQWDLQHUZDVDJLWDWHGVHYHUDO WLPHV7KHQWKHH[FHVV
&2LVUHPRYHGWKHSUHVVXUHLQFUHDVHGXSWR 03D IRUDOO H[SHULPHQWV DQG WKH VROXWLRQV LQMHFWHG WKURXJK WKH
3130 M. Fleury, H. Deschamps / Energy Procedia 1 (2009) 3129–3133
 0)OHXU\+'HVFKDPSV (QHUJ\3URFHGLD  ±  
SRURXVPHGLD 7RREWDLQDVHDOLQJEHWZHHQWKHVDPSOHDQGWKHVOHHYHW KHFRQ ILQLQJSUHVVXUHZDVIL[HGDW03D
IRUDOOH[SHULPHQWV WKH WHPSHUDWXUHRI WKH IORRGLQJFHOO IL[HGDW &LQDWHPSHUDWXUHUHJXODWHGRYHQH[FHSWIRU
WKH PHDVXUHPHQWV SHUIRUPHG DW YDULDEOH WHPSHUDWXUH GHVFULEHG ODWHU 7KH H[DFW DPRXQW RI GLVVROYHG &2 ZDV
PHDVXUHGDIWHUWKHUHVLVWDQFHDQGSUHVVXUHGURSPHDVXUHPHQWV7KLVZDVSHUIRUPHG IRUHDFKH[SHULPHQWRQOLTXLG
VDPSOHV XVLQJ YROXPHWULF EULQH DQG JDV PHDVXUHPHQWV DIWHU D IODVK DQG VHSDUDWLRQ DW DPELHQW SUHVVXUH  DQG
WHPSHUDWXUH7KHFRQYHUVLRQIURPJDVYROXPHWRPROHIUDFWLRQ[&2WDNHVLQWRDFFRXQWWKHPHDVXUHGWHPSHUDWXUH 

7KHSURFHGXUH IRUERWK UHVLVWDQFHDQGSUHVVXUHGURSPHDVXUHPHQWV LV DV IROORZV WKHEULQHZLWKRXW&2LV ILUVW
LQMHFWHG DWDFRQVWDQWORZIORZUDWHRI  FPÂK  WKURXJKWKHS RURXVFHUDPLF WRGHWHUPLQHDUHIHUHQFHUHVLVWDQFHDQG
SUHVVXUH GURS 7KHQ WKH EULQH ZLWK GLVVROYHG &2 LV LQMHFWHG DQG WKH YDULDWLRQ RI UHVLVWDQFH DQG SUHVVXUH GURS
UHFRUGHG )LQDOO\ WKH LQLWLDO EULQH LV LQMHFWHG DJDLQ WR YHULI\ WKDW QRPRGLILFDWLRQ RI WK H SRURXV FHUDPLF RFFXUUHG
GXULQJ WKH&2  IORRGLQJ7KLV SURFHGXUH LV UHSHDWHG IRU HYHU\ H[SHULPHQW ZKHQ YDU\LQJ WKH GLVVROYHG &2PROH
IUDFWLRQ 'XH WR WKH DSSURSULDWH FKRLFH RI WKH SRURXV FHUDPLF ERWK LQ WHUPV RI SHUPHDELOLW\ DQG SRURVLW\ WKH
YDULDWLRQV RI UHVLVWDQFHDQGSUHVVXUHGURSDUHHDVLO\PHDVXUHG XVLQJVWDQGDUGHTXLSPHQWXSWR1 IRU5DQGXSWR
[ 3D IRU G3 7 KH VRXUFH RI XQFHUWDLQWLHV LV PRVWO\ GXH WR WKH EDVHOLQH IOXFWXDWLRQV  D UHVXOW RI WKH VOLJKW
PRGLILFDWLRQVRIWKHSRURXVPHGLD7KHPHDVXUHPHQWV DW YDULDEOH WHPSHUDWXUHVZHUHSHUIRUPHGXVLQJ D FRQWLQXRXV
LQFUHDVHRIWKHRYHQWHPSHUDWXUHZKLOHNHHSLQJWKHSRUHDQGFRQILQLQJSUHVVXUHVFRQVWDQW 


)LJXUH 5HODWLYHYDULDWLRQRI FRQGXFWLYLW\ g DQGYLVFRVLW\dDW &IRUWKUHHVDOLQLWLHV• J/  Ÿ J/ŶJ/ 
5HVXOWV
:HIRXQGDOLQHDU UHODWLRQVKLSEHWZHHQ WKH UHODWLYHYDULDWLRQRI UHVLVWDQFHDQG WKHPHDVXUHGPROH IUDFWLRQ[&2RI
GLVVROYHG&2 UHJUHVVLRQFRHIILFLHQW )LJXUH 
  &2[<=
6
κ
κ
  
1RWHWKDWG HVSLWHWKHIRUPDWLRQRIDGGLWLRQDO LRQVGXHWRWKHGLVVRFLDWLRQRI&2 LQZDWHU
<+
+&2+  FRQGXFWLYLW\
GHFUHDVHV +RZHYHU WKHVH LRQV UHSUHVHQW DYHU\ VPDOO IUDFWLRQ UHODWLYH WR1D&O,QGHHGDVVXPLQJDS+RI WKH+
FRQFHQWUDWLRQ ZLOO EH DERXW PRO/ E\ GHILQLWLRQZKLOH WKH1D&O FRQFHQWUDWLRQZLOO EHPRUH WKDQ KXQGUHG
WLPHVODUJHUPRO/IRU J/6LPLODUO\IRUYLVFRVLW\WKHUHODWLYHYDULDWLRQRIWKHGLIIHUHQWLDO SUHVVXUHLVDOVR
UHODWHGOLQHDUO\WRWKHDPRXQWRIGLVVROYHG&2UHJUHVVLRQFRHIILFLHQW)LJXUH  
M. Fleury, H. Deschamps / Energy Procedia 1 (2009) 3129–3133 3131
 0)OHXU\+'HVFKDPSV (QHUJ\3URFHGLD  ±
  &2[=
6
η
η   
)RUFRPSDULVRQZHSORWWHGD IHZGDWDSRLQWV IURP WKHZRUNRI%DQGRHWDO>@7KH\DUHLQDJUHHPHQWZLWKRXU
REVHUYDWLRQV 1RWH WKDW WKHUH LV QR VDOLQLW\ GHSHQGHQFH+RZHYHU WKH DPRXQW RI GLVVROYHG&2 LV VPDOOHU IRU WKH
KLJKHVWVDOLQLW\ IRUJ/LQVWHDG RIIRUJODVH[SHFWHGIURPGLVVROXWLRQVWXGLHV 

)RU WKHWHPSHUDWXUHGHSHQGHQFHZHWHVWHGWKHIRUPXODWLRQFXUUHQWO\XVHGIRUUHVLVWLYLW\$USVHPSLULFDOIRUPXODH
>@) RUWKH J/1D&OVROXWLRQ  WKHHYROXWLRQ WKHFRQGXFWLYLW\ZLWKDQGZLWKRXWGLVVROYHG&2FDQEHILWWHG ZLWK
WKH IROORZLQJ UHODWLRQVKLS)LJXUH  






+
+
=
7
7
77 66 κκ & 7& 
7KHYDOXH LQWKHDERYHHTXDWLRQ ZDVILUVWDGMXVWHGW RWKHGDWDZLWKRXWGLVVROYHG&28VLQJWKHVDPHYDOXH 
ZLWKGLVVROYHG&2 WKHILW LVVOLJKWO\ OHVVDFFXUDWHODUJHVW GHYLDWLRQ RILQVWHDGRI)RUYLVFRVLW\WKH
VDPH ODZ FDQ EH DSSOLHG EHFDXVH WKH YDULDWLRQV RI GLIIHUHQWLDO SUHVVXUH ZHUH OLQHD UO\ UHODWHG WR  WKH YDULDWLRQ RI
UHVLVWDQFHZKHQLQFUHDVLQJWKHWHPSHUDWXUHQRWVKRZQ 


)LJXUH'HYLDWLRQRIPHDVXUHGFRQGXFWLYLW\gH[SIURPFDOFXODWHG FRQGXFWLYLW\ gFDOFXVLQJ WKH$USVIRUPXODWLRQ ZLWKRXWGLVVROYHG&2 OHIW
DQGZLWKGLVVROYHG&2ULJKW[ &2  &1D&O J / SUHVVXUH03D 7KHWHPSHUDWXUHZDVYDULHGFRQWLQXRXVO\ EHWZHHQDQG& 
)LQDOO\FRPELQLQJWKHWHPSHUDWXUHDQGGLVVROYHG&2GHSHQGHQFHVZHFDQSURSRVHWKHIROORZLQJUHODWLRQVKLSV 
GHVFULELQJWKHHIIHFWRIGLVVROYHG&2 RQHOHFWULFDO FRQGXFWLYLW\gDQGYLVFRVLW\ d
´´
¦
¥
²²
¤
£
+
+
<=




 7
7
[77[ &26&26 κκ  
´
¦
¥²
¤
£
+
+
+=


  7
7
[77[ &26&26 ηη  
3UDFWLFDO LPSDFW
:HGLVFXVVKHUHWZRDSSOLFDWLRQVLQZKLFKWKHGHFUHDV HRIFRQGXFWLYLW\DQGWKHLQFUHDVHRIYLVFRVLW\PD\KDYHDQ
LPSDFW 7KH FRQGXFWLYLW\ RI EULQH LV LPSRUWDQW IRU WKH LQWHUSUHWDWLRQ RI WKH UHVLVWLYLW\ RI D SRURXVPHGLD VDWXUDWHG
ZLWKDFRQGXFWLYHIOXLG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